Abstract: Synthesis of eight substituted chalcones using various heterogeneous catalysts such as Mont-K10, anhydrous K 2 CO 3 , anhydrous ZnCl 2 and fused Ba(OH) 2 under MWI was carried out to improved Claisen -Schmidt condensation reaction. A comparative aspect of different compounds in respect of different catalysts, time taken and per cent yield has been discussed. The advantages of this process is to design and develop new synthetic routes to various bioactive chalcone which is environmentally desirable and economically viable. The structures of all the compounds have been established by analytical and spectral (IR, 1 H NMR, & mass) data. The synthesized compounds were also used for various biological screening.
Introduction
The chalcones are α, β-unsaturated ketones containing the reactive ketoethylenic group CO-CH=CH-. Presence of α, β-unsaturated carbonyl system in chalcone makes it biologically active. Chalcones have been used as intermediate for the preparations of compounds having therapeutic value. Literature review reveals that chalcone derivatives exhibits diverse pharmacological activities such as anti-AIDS 1 , anti-inflammatory 2 , anticancer 3 , antitubercular 4 , antibacterial 5 , antioxidant 6 , antimalarial 7 and antileishmanial 8 activity.
They are commonly synthesized via the Claisen-Schmidt condensation between acetophenone and benzaldehyde. This reaction is catalyzed by acids and bases under homogeneous conditions. This homogenous reaction gives low yield, takes longer reaction time and presents several hurdles, such as catalysts recovery and waste disposal problems. In this respect, heterogeneous catalysts are considered as an eco-friendly alternative. The utilization of heterogeneous catalysts for the production of chalcones was reported in the RESEARCH ARTICLE literature [9] [10] [11] [12] . Utilization of greener process i.e. non-conventional energy source like microwave 13 has become a very popular and useful technique in synthetic organic chemistry and has gained wide popularity due to many practical advantages associated with enhanced reaction rates, high yields, improved selectivity and environment friendly reaction conditions. Further studies on the efficient synthesis of chalcones are of current interest because of their wide range of applications. Keeping in view the biological importance of 3-nitrochalcones as antileishmanial agents 14 and our ongoing endeavors in the development of environmentally benign protocols related to chalcones 15 we now report facile nonconventional heterogeneous approach for the synthesis of substituted chalcones with a wide range of groups of varying lipophilicities and electronic character from substituted acetophenones and benzaldehydes using basic solid supports (Mont-K10, anhydrous K 2 CO 3 , anhydrous ZnCl 2 and fused Ba(OH) 2 
General procedure for the synthesis of chalcones (3a-h)

Method A-Conventional
To a solution of biphenyl acetophenone 1 (0.01mole) and substituted aromatic aldehyde 2 (0.01 mole) dissolved in ethanol / methanol (10 mL) was added basic inorganic catalysts (40-400 mg).
The heterogeneous mixture was stirred at room temperature for 24-36 h. After the completion of the reaction as monitored by TLC, the reaction mixture was treated with ice-cold water / dilute acid to get the precipitate of the product leaving behind Mont-K10/ fused Ba(OH) 2 dissolved in solution. The product was filtered, washed with water and recrystallized with ethanol or ethanol-benzene mixture (1:1; v/v) to afford analytical samples of chalcones 3.
Method B: -Solid phase microwave irradiation (MWI)
To a solution of biphenyl acetophenone 1 (0.01 mole) and substituted aromatic aldehyde 2 (0.01mole) in ethanol (5 mL) taken in a borosil flask (100 mL), inorganic catalysts (5-7 g) was added. The reaction mixture was mixed and the adsorbed material was dried, in air and irradiated inside the microwave oven and irradiated intermittently for a period as specified in Table 1 . Progress of the reaction was monitored by TLC. After the completion of the reaction, the product was cooled, purified and recrystallized using similar procedure as mentioned in method A.
Spectral data of synthesized compounds (3a-h) (2E)-1-(biphenyl-4-yl)-3-phenylprop-2-en-1-one (3a)
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(2E)-1-(biphenyl-4-yl)-3-(4-methoxyphenyl)prop-2-en-1-one (3b)
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(2E)-1-(biphenyl-4-yl)-3-(3,4-dimethoxyphenyl)prop-2-en-1-one (3c)
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(2E)-1-(biphenyl-4-yl)-3-(3,4,5-trimethoxyphenyl)prop-2-en-1-one (3d)
(2E)-1-(biphenyl-4-yl)-3-(2,4-dichlorphenyl)prop-2-en-1-one (3e)
(2E)-1-(biphenyl-4-yl)-3-(4-bromophenyl)prop-2-en-1-one (3f)
Light
Results and Discussion
Comparative profile of synthesis
The reaction of biphenyl acetophenones (1) and substituted aromatic aldehyde (2) on a solid inorganic support using either anhyd. K 2 CO 3 , fused Ba(OH) 2, Mont-K10 and anhydrous ZnCl 2 under microwave irradiation afforded chalcones 3a-h (Scheme 1). This is a modified Claisen-Schmidt condensation. In the absence of MWI the condensation reaction of acetophenones (1) and benzaldehyde (2) did not take place by conventional method in the presence of anhydrous K 2 CO 3 and anhydrous ZnCl 2 . However, the reactions were perfectly performed under microwave irradiation (MWI) with a yield as high as 85% and 90% respectively. Because the basicity of anhydrous K 2 CO 3 and anhydrous ZnCl 2 is too weak to catalyze the reaction at conventional conditions, MWI can enhance conspicuously reaction selectivity and activity. The reactions were also carried out in presence of other base catalysts such as fused Ba(OH) 2 and Mont-K10 resulting 1,3-diarylpropenones (3) with different yields as shown in Table 1 . The synthesis of chalcones 3a-h under MWI using Mont-K10 or fused Ba(OH) 2 required generally less time with improved yield for completing the reaction in comparison to anhydrous ZnCl 2 . Compound 3e having 4'-Cl and 3b having 4'-OCH 3 substituents were obtained within 10-15 minutes in ~90% yield in presence of used base inorganic catalysts (Table 1 ). The use of anhyd. K 2 CO 3 or fused Ba(OH) 2 as an inorganic solid support not only eliminates the use of external expensive and hazardous bases for catalyzing the reaction but also avoids the use of organic solvents for elution. The products got precipitated after acidification leaving behind K 2 CO 3 and Ba(OH) 2 in solution. Only a limited amount of EtOH / MeOH was used for adsorbing the reactants on the solid support anhydrous K 2 CO 3 and fused Ba(OH) 2 . Microwave and ultrasound mediated synthesis of chalcones have been proved efficient in terms of reaction time, yield and elimination of organic solvents and external hazardous bases. The use of anhydrous ZnCl 2 to catalyze the reaction resulted low product purity and yield (Table 1) in comparison to other catalysts. Although anhydrous ZnCl 2 can be reused for multiple using, however, purification of crude catalysts requires large amount of solvent after finishing the reaction.
From the results it can be deduced that the yields are in general higher under MWI in comparison to conventional method and Mont-K10 was the best choice in all cases with the advantages of convenient operation, high yield and product purity. Secondary reactions such as Cannizzaro of aldehydes, aldol condensation of aldehydes and ketones was not observed.
The structures of all the synthesized compounds were established on the basis of their spectral data. In the IR spectra the chalcones had absorption around 1697-1650 cm -1 and near 1000 cm This may possibly due to the polarization of C=C double bond in the system being predominantly caused by the carbonyl group so as to make electron density greatest at the α-position than that of β-position.
Antimicrobial evaluation
The antimicrobial activity was determined using cup plate agar diffusion method by measuring the zone of inhibition in mm. All the newly synthesized compounds (3a-h) were screened in vitro for their antibacterial activity against five bacteria viz. B.subtilis, K.pneumoniae, E.coli, P.aureoginosa and S.aures at a concentration of 500 µg/mL. Antifungal activity was tested against Candida albicans and Aspergillus fumigates at a concentration of 500 µg/mL. Ciprofloxacin (10 µg/disc) was used as a standard drug for antibacterial screening and fluconazole (10 µg/disc) was used as a standard for antifungal screening. Standard drug for antibacterial activity for 3b, 3d, 3g and 3h are ciprofloxacin (C 1 ), for compounds 3c, 3e and 3f are gatifloxacin (C 2 ) and for antifungal activity are flucanazole (C 1 ). Chalcones having methoxy group (3b, 3c and 3d), chloro, bromo (3e, 3f), nitro group (3g) and dimethyl amino group (3h) showed activity against the tested microorganisms. Compounds 3h having (3,4-OMe) group and 3k having 2,4-Cl 2 showed moderate activity against S.aureus and E.coli, whereas the activity of compound 3f having 4-Br group showed good activity against E.coli.
Conclusion
In conclusion the synthesis of chalcones by Claisen-Schmidt condensation was performed in milder conditions by using microwaves irradiation in presence of anhy K 2 CO 3 , fused Ba(OH) 2 , Mont-K10 and anhydrous ZnCl 2. This green methodology is very efficient, simple, high yielding and purity with shorter reaction period and easier work up compared with previous methods in the literature. The methods can compete with the traditionally used NaOH / KOH as an alternative method for the production of differently substituted chalcones having electron donating and electron withdrawing groups and in general for the production of the fine chemicals due to the mild conditions. From the results Mont-K10 was found most efficient in comparison to other base catalysts.
